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Abstract: Pheromonal control of the codling moth, Cydia pomonella L, by an experimental “attract and 
kill” formulation were carried out during two years (2006-2007) at the Fruit Research Station Cluj, Romania. 
The experimental product formulated by the researchers of  the Chemical Research Institute Raluca Ripan-
Romania, contains the pheromone of the codling moth (E,E-8,10 dodecadien-1-ol) and a synthetic pyrethroid 
insecticide (cyfluthrin) in order to be compatible with the attract and kill biotechnique. The experimental product 
was applied in a rate of 4000 droplets per hectare with a hand operated pump dispenser. Field trials in 2006 and 
2007 showed that this environmental friendly strategy can compete with the conventional spray application of 
insecticides and can provide a good alternative for codling moth control in integrated pest management and fruit 
growing. 
 
INTRODUCTION 
 
The codling moth Cydia pomonella L. is one of the most important pests in pome fruit 
world wide. In Romania, the codling moth develops two to three generations per year. The 
first moths appear in the last decade of April or in the first days of May. The flight of the 
adult moth is continuous till the first decade of September.  
Pheromonal control of the codling moth is an environmental friendly technique, and can 
compete with conventional methods of control when applied under low or medium infestation 
conditions. Attract and kill strategies, combine an attractant with an insecticide, eliminating 
individuals that contact the lure. This technique proved to be reliable against pests (Hofer et 
al. 1995, Charmillot et al. 2000).  
The principle of the attract and kill method involves the special conditioning of the 
synthetic pheromone and of an insecticide in a viscous paste and its application by a hand 
pump as small droplets in the crop. The role of the attractant drop is to attract and intoxicate 
the male that searches for a mate. By eliminating a considerable number of males, the chance 
of females to be mated is reduced, thus the population is controlled.  
The principle is already successfully applied to control the codling moth, (Ebbinghaus 
et al. 2001, Ioriatti and Angeli 2002, Stara and Kocourek 2004); however some critical 
parameters affecting its biological efficacy are still under question. 
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MATERIALS AND METHODS 
 
The experimental product based on the synthetic pheromone of the codling moth (E,E-
8,10 dodecadien-1-ol) in order to be compatible with the attract and kill biotechnique was 
formulated by the researchers of  the Chemical Research Institute Raluca Ripan, Romania. 
The research concerning the biological efficacy of the experimental formulation of the 
sexual pheromone (E, E-8,10 dodecadien-1-ol) and a piretroid insecticide, was carried out in 
2006 and 2007 at the Fruit Research Station Cluj. The experimental product for the control of 
the codling moth use the main component of the C. pomonella sex pheromone E8, E10-
dodecadienol as the lure to draw male moths to 100mg sized drops of a sticky formulation 
containing the contact insecticide cyfluthrin.  
Field trial in 2006 of the experimental product was conducted at F.R.S. Cluj in apple 
orchard, cv Jonagold, organized for experimental trials. The plot size used for experiments 
were 1 hectare and consisted of about 1250 trees (cv.Jonagold) planted at a spacing of 2 m 
between trees and 4 m between rows. The experimental product was applied in a rate of 4000 
droplets per hectare with a hand operated pump dispenser on the branches in the upper parts 
of the crown, with an interval of 5-6 weeks between the applications. Quantitatively 400 g of 
attracticid/ha/ treatment was applied. The first application was on 5th June and the second on 
13th July. During the experiment, in the pheromone treated plot, no insecticide treatments 
were applied.  The adjacent orchard areas were chemically treated in order to avoid the 
immigration of the mated codling moth females.  
Field trial in 2007 of the experimental product was applied at F.R.S. Cluj in apple 
orchard, cv Jonathan, Golden, Ardelean organized for experimental trials. The plot size used 
for experiments was 0.5 hectare and consisted of about 625 trees planted at a spacing of 2 m 
between trees and 4 m between rows.  The experimental product was applied in a rate of 4000 
droplets per hectare with a hand operated pump dispenser on the branches in the upper parts 
of the crown, with an interval of 4 weeks between the applications. Quantitatively 400 g of 
attracticid/ha/ treatment was applied. The first application was on 28th May and the following 
applications in 28th June and 20th July. 
The codling moth flight activity was monitored with pheromone traps, lured with 
ATRAPOM dispensers containing 1mg of codlemone, placed in both treated and untreated 
plots. The attract and kill technique was considered efficient as long as there are no captures 
in pheromone traps. The pheromone traps were changed weekly. 
The pheromone traps placed in the pheromone treated plot registered captures after the 
5th week in 2006 and 4th week in 2007 from the first application of the attracticid, moment 
when the next application was done. The efficacy of the attract and kill technique was 
evaluated by assessing the fruit injury on samples of 1000 randomly hand picked fruits. Data 
were compared with the untreated, as well as the conventional treated. 
The first evaluation in 2006 took place on 20th June and the final appreciation, when 
harvesting, on 25th September. The first evaluation of the biological efficacy of the 
experimental attract and kill formulation in 2007 took place on 10th July and the final 
appreciation before harvest in 5th September. Statistical data processing was carried out by 
Student (t) test. 
 
RESULTS AND DISCUSSIONS 
 
As shown in Figure 1, the climatic conditions in 2006, with prolonged warm periods 
favored the development of high codling moth populations. The codling moth flight activity 
was monitored by pheromone traps with Atrapom dispensers loaded with 1 mg of codlemone. 
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The caches of codling moth males were recorded twice per week. 
 
 
Figure 2 shows the flight activity of the codling moth in the untreated plot, during the 
year 2006.  
 
The climatic conditions in 2007, shown in Figure 3, were ideal for the development of 
high codling moth populations. 
 
 The codling moth flight activity monitored by pheromone traps shows an continuous 
flight from 17th April to 8th September.(Figure4). 
Fig. 1: Environmental conditions in the orchard during the trial in 2006 at F.R.S. Cluj
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Fig. 2: Codling moth Cydia pomonella L. trap catches in untread plot at F.R.S. Cluj 2006
0
10
20
30
40
50
60
70
80
05
.
05
.
20
06
12
.
05
.
20
06
19
.
05
.
20
06
26
.
05
.
20
06
02
.
06
.
20
06
09
.
06
.
20
06
16
.
06
.
20
06
23
.
06
.
20
06
30
.
06
.
20
06
07
.
07
.
20
06
14
.
07
.
20
06
21
.
07
.
20
06
28
.
07
.
20
06
04
.
08
.
20
06
11
.
08
.
20
06
18
.
08
.
20
06
25
.
08
.
20
06
01
.
09
.
20
06
08
.
09
.
20
06
15
.
09
.
20
06
co
dl
in
g 
m
o
th
 
m
al
e 
ca
pt
u
re
s
no of males 
Fig 3: Environmental conditions in the orchard during the trial in 2007 at FRS Cluj
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The biological efficacy of the „attract and kill” technique in year 2006 compared to the 
conventional chemotherapy is presented in table 1. 
            
  Table 1 
  Efficacy of the „attract and kill” technique compared with standard sprayable insecticide treatments 
 in year 2006 
 
% of damaged apples 
Treatment 20th of July 2006 25th of September 2006 
Total 
fruit loss 
% 
Attract and kill 1,53 0,5 2,03 
Conventional spray application 0,75 0,5 1,25 
Untreated 25,00 36,5 61,50 
 
Field trial in 2006 showed that this pheromone based strategy can compete with the 
conventional spray application of the insecticides. The average fruit damage 0.5% registered 
at the harvest shows no difference between the attract and kill technique and conventional 
spray application. Statistical data processing is presented in table no. 2. 
Table 2 
Statistical data processing of the „attract and kill” technique compared with standard sprayable insecticide 
treatments in 2006 
 
% of damaged apples 
Treatment 
20th of July 2006 25th of September 2006 
x 
Attract and kill 1,53 0,5 1,015 
Conventional spray application 0,75 0,5 0,625 
Untreated 25 36,5 30,75 
d (x1-x 2) 0,39   
LD 5% 2,88   
LD 1% 3,80   
LD 0,1% 4,84   
 
 
Fig. 4: Codling moth Cydia pomonella  L trap catches in 
untreated plot at FRS Cluj 2007 
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The statistical data processing revealed no significant difference between the biological 
efficacy of the „attract and kill” technique and standard sprayable insecticide treatments in 
2006. 
The biological efficacy of the „attract and kill” technique in year 2007 compared to the 
conventional treatments is presented in table 3 
Table 3 
Efficacy of the „attract and kill” technique compared with 
 standard sprayable insecticide treatments in year 2007 
 
% of damaged apples 
Treatment 
10th of July 2007 10th  of Sept. 2007 
Total 
fruit loss 
% 
Attract and kill 18.2 3.5 21.7 
Conventional spray application 2.5 2.2 4.7 
Untreated 32.5 50.5 83 
 
The statistical data showed that the biological efficacy of the „attract and kill” technique 
in year 2007 compared to the conventional chemotherapy is less effective than the 
conventional spray application plot. Thus, the statistical data processing revealed significant 
difference (p<0,001) between the efficacy of the attract and kill technique at 20th of July 
(18.2% of fruit loss) in year 2007, compared with the biological efficacy of the „attract and 
kill” technique at 10th of September (3.5% of fruit loss).  
The fruit damage registered at 10th of September (3.5% of fruit loss) in the „attract and 
kill” plot, shows no difference (p>0,05) between the attract and kill technique and 
conventional spray application(2.2% of fruit loss). 
Statistical data processing by is presented in table no.4. 
 
Table 4 
Statistical data processing of the „attract and kill” technique compared with standard sprayable insecticide 
treatments in 2007 
 
A. p values  for 10.07.2007 B. Significance for 10.07.2007 
  Conventional spray A&K   Conventional spray A&K 
A&K 0,000436125 - A&K *** - 
Untreated 0,000002951 0,000009248 Untreated *** *** 
C. p values for 10.09.2007 D. Significance for 10.09.2007 
  Conventional spray A&K 
  Conventional spray A&K 
A&K 0,112677422 - A&K Ns - 
Untreated 0,00000000000179 0,000000002 Untreated *** *** 
E. p values for the general evaluation F. Significance  
  Conventional spray A&K 
  Conventional spray A&K 
A&K 0,009262635 - A&K ** - 
Untreated 0,000000407 0,000000027 Untreated *** *** 
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CONCLUSIONS 
 
1. Climatic conditions in booth 2006 and 2007, with prolonged warm periods favored 
the development of three codling moth generations. 
2. The average fruit damage, 0.5% registered at the harvest in 2006 and 3.5% registered 
before harvest in 2007 shows no difference between the biological efficacy of the attract and 
kill technique and conventional spray application. 
3. The statistical data processing indicates that the differences between the two control 
techniques used in 2006 (0.39) is insignificant. 
4. The statistical data showed that the biological efficacy of the „attract and kill” 
technique in year 2007 compared to the conventional chemotherapy is less effective than the 
conventional technique. 
5. Our results seem to indicate that a rate of 4000 droplets of attracticid/ha can provide a 
good control against the codling moth. 
6. Field trials in 2006 and 2007 showed that this environmental friendly strategy can 
compete with the conventional spray application of insecticides and can provide a good 
alternative for codling moth control in integrated pest management and fruit growing. 
7. According to the length of the codling moth's flight activity two or more application 
of the experimental formulation gives season long protection. 
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